Mechanistic studies on rhodopsin kinase. Light-dependent phosphorylation of C-terminal peptides of rhodopsin.
The phosphorylation of a synthetic peptide, corresponding to the C-terminal 11 amino acids of bovine rhodopsin (VII, residues 338-348), was studied under different conditions. The peptide was only phosphorylated in the presence of photoactivated rhodopsin. Using the same protocol, 12 other peptides, mapping in the rhodopsin C-terminal, were screened for their effectiveness as substrates for rhodopsin kinase. It was found that the peptides became poorer substrates with increasing length, and the best substrates comprised the most C-terminal 9-12 amino acids as opposed to other parts of the C-terminus. It was noted that the absence of the two-terminal residues Pro347 and Ala348 impaired peptide phosphorylation. The effect of the decay of metarhodopsin II on the phosphorylation of rhodopsin and the peptides was determined, and it was found that the rhodopsin and peptide phosphorylations decayed with half times of approximately 33 min and 28 min, respectively. The sites of phosphorylation on the peptides were determined and in all cases the phosphorylation was found to be predominantly on serine residues. Only the 11-residue peptide (VII, residues 338-348) contained significant threonine phosphorylation, which was about 25% that on serine residues. Cumulatively, the results suggest that Ser343 is the preferred site of phosphorylation in vitro. The reason for the poor substrate effectiveness of the larger peptides was examined by competitive experiments in which it was shown that a poorly phosphorylated larger peptide successfully inhibited the phosphorylation of a 'good' peptide substrate. The studies above support a mechanism for rhodopsin kinase that we have termed the 'kinase-activation hypothesis'. This requires that the kinase exists in an inactive form and is activated only after binding to photoactivated rhodopsin.